Data Mining and XML Documents by Nayak, Richi et al.
  
This is the author version of an article published as: 
 
Nayak, Richi and Witt, Rebecca and Tonev, Anton (2002) Data 
mining and XML documents . In Proceedings International 
Conference on Internet Computing, IC'2002 3, pages pp. 660-666, 
Las Vegas, Nevada. 
 
Copyright 2002 (please consult author) 
 
Accessed from   http://eprints.qut.edu.au 
 
 
 
 
 
 
 
 
 
 


DATAMININGAND XMLDOCUMENTS
   RichiNayak     RebeccaWitt&AntonTonev
  SchoolofInformationSystem   Schoolof ComputerandInformationScience
  QueenslandUniversity ofTechnology  Universityo fSouthAustralia
  GPCampus,GPOBox2434   MawsonLakes
  Brisbane,QLD4001,Australia    Adelaide,SA5095 ,Australia

Abstract
 XMListoutedasthebreakthrou ghindata
exchangeontheweb. As  XMLmaterialb ecomesmore
abundant,theabilitytogainknowledgefrom XML
sourcesdecreas es. Thus,there isagreatneedto
applydataminingtechniquesto XMLdata. Thispaper
suggeststaxonomyof XMLminingasastepping -stone
tofurther XMLminingresearch.Thispaperexplicitly
expressestheavailableclassesof XMLmaterial.This
paperalsoproposes/sur veysanumber ofpossible
dataminingtechniquesthatcanbeappliedon
structureorcontentof XML documents.
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1Introduction

 TheAugust2001estimateofweb
pagesis1.4b illion,increasingdailyby1
million.1 Currently,themajorityofthese
pagesareinHyperTextMarkupLanguage
(HTML).However,thisislikelytochange.
Asthecorporateworldbecomesincreasingly
distributed,withacorrespondingincreasein
datasou rceheterogeneity,thereisan
obviousneedfordataexchange. HTML asa
meansofdataexchangeisinferior.Intended
asaconveyanceoftechnicalreports, HTML
tagsa reprimarilyformattingmarkup.
1
http://www .searchengineshowdown.com/
Thoughsomeinternalstructuralinformation
isinferable fromthem ,(e.g.<h1>indicating
animportantinformation), HTML tagscannot
giveaclearindicationofcontent.Moreover,
thediversityofauthorshipguaranteesno
consistencybetweendocuments.
 Herewehavethemotivation for
eXtensibleMarkupLangu age( XML) -
providingamarkuplanguagemo re
conducivetodataexchange. Assemi -
structureddata,itisself -describing.An XML
documenthasdocumenttypedefinition s
(DTD)thatdefinethestructureofthe
documentandwhattagsmightbeusedto
encodeth edocument.Duetothisadvantage,
XML willbethedominantformatinafew
years.Ifthispredictiondoesprovetrue,
thenanumberoftechniqueswillberequired
toretrieveandanalysethevastamountof
XML documents.
 Datamining [6] willbeessentia lfor
discoveringnewknowledgefrommany XML
resourceslikelytoariseinthenextfew
years.Giventheironythathumansproduce
farmoredatathantheycaneveranalyse
alone,thedevelopmentof XML mining
techniquesmustkeeppacewith
developmentand implementationof XML
itself.
 Thispaperdescribesaclassification
of XML documents,andsuggests taxonomy
of XML mining.Discussingtheapplication
ofminingtechniquessuchasclassification
andclusteringtechniques,thepaperthen
providesasummar yofuseful XMLmining
toolsandtechniquesthatcanbeappliedon
contentorstructureof XML  documents.

1.1 AClassificationof XML
Documents

 Weusesetnotationtodefinethe
relationshipbetweenwebpagesand XML
documents.Letalltextualobjectsb etheset
T.Letwebpagescontaining XML  -tobe
called XML  materialfortheremainder -beX,
suchthatX ⊆T .IfDdenotesthesetof XML
documents,thenD ⊂X,thatis, XML
material isnotautomaticallyclassedas XML
documents.Strictly,webpages areclassed
as XML documentsonlyiftheyarewell
formed,D=W,whereWisthesetofwell -
formed XML documents.Additionally,V ⊆
W,whereVisthesetofvalid XML
documents. Finally,thisallowsthedefinition
ofill -formed XML material,givenasX ∩

W .

Well-formed Tobewell -formed,apage’s
XML musthaveproperlynestedtags,unique
attributes(perelement),oneormore
elements,exactlyonerootelement,plusa
numberof DTD-relatedconstraints.Well -
formeddocumentsmayha vea DTD,butthey
donotconformtoit.

ValidValid XML documentsareasubsetof
well-formed XML documents. Tobevalid,an
XML  documentmustadditionallyconform(at
least)toanexplicitlyassociateddocument
typedefinition.A DTD foradocumentmay
includebothinternallyandexternally
definedsubsets(locatedwithinthesamefile
oradifferentfile,respectively).A DTD
describesthegrammarforan XML  document
(allowingparsing). An XML  documentnot
conformingtoitsspecified DTD isnotvalid,
butmaystillbewellformed.  
 
Figure1illustratestherelationshipbetween
allsetsof XML material.

2ATaxonomyof XML Mining

 Thissectiondescribes taxonomyof
XML mining,specifically XML structure
miningand XML contentmining.This
taxonomyi sdepictedinfigure2.Forboth
categories,theapplicationofdatamining
techniques,suchasclassificationand
clustering,arediscussed.Thetypeof XML
materialavailableforinputtothese
proceduresisalsodiscussed.

2.1 XML StructureMining

 Elementtags,andtheirnesting
therein,dictatethe structure ofan XML
document [3].Miningfor XMLstructureis
essentiallyminingforschema. XMLissemi -
structureddata,thusminingfor XML
structureisofinterest.Inthissection,two
furtherdivi sionsinthe taxonomyare
presented: intra-structuremining, and inter-
structuremining .



Figure 1Venndiagramof XML
 T:textualwebobjects,
 X: XMLmaterial,
 W:well -formed XMLdocuments,
 V:valid XMLdocuments,
 :ill -formed XML material

Figure 2Taxonomyof XMLMining

Intra -structure  Mining
 
 Intra-structureminingisconcerned
withthestructurewithinan XML
document(s).Knowledgeisdiscovered
abouttheinternalstructur eof XML
documents,thatis,theirdocumenttype
definitions.
 Classification  taskofdatamining
canbeappliedtomapanew XML document
toapredefinedclassofdocuments .A DTD
maybeinterpretedasadescriptionofaclass
of XMLdocuments.Theclassi fication
proceduretakesacollectionof DTDsasa
trainingset,andclassifiesnew XML
documentsaccordingtothistrainingsetof
DTDs.Thistaskismosteasilyperformedon
valid XMLdocuments.With DTDsalready
definedforthenew XML document, the
classificationcanproceedbycomparingthe
classification DTDswiththenew DTDs.
 Forany XML documentwithan
associated DTD,itshouldfirstbevalidated
againstit.Itisimportanttodistinguish
betweenvalid XML andwell -formed XML
withinappropria te DTDs.Forwell -formed
XML,anattemptismadetoparsethe
documentsaccordingtotheclassification
DTDs.Asuccessfullyparseddocumentis
classifiedasaninstanceoftherelevant DTD.
Ill-formed XML mayalsobeclassifiedif
enoughofthedocument isparsedbeforean
erroroccurs.Thentheclassificationcouldbe
usedto‘rescue’anypotentialvaluable
information.
 Clustering taskofdataminingcanbe
appliedforidentifyingsimilaritiesamong
various XML documents.Aclustering
algorithmtakesa collectionof DTDstogroup
themtogetheronthebasisofself -similarity.
Thesesimilaritiesarethenusedtogenerate
new DTD.Asageneralisation,thenew DTD
isasuperclasstothetrainingsetof DTDs.
 Associationrules discoverytaskof
datamining canbeappliedtodescribe
relationshipbetweentagswhichtendto
occurtogetherin XML  documentsthat canbe
usefulinfuture.Transformingthetree
structureof XML intopseudo -transaction,it
becomespossibletogeneraterulesofthe
form“ifan XML do cumentcontainsa
<craft>tagthen80%ofthetimeitwillalso
containa<licence>tag.”Sucharulemay
thenbeappliedindeterminingthe
appropriateinterpretationforahomographic
tag.

Inter -structureMining 

 Inter-structureminingisconcerned
withthestructurebetweenxmldocuments.
Knowledgeisdiscoveredaboutthe
relationshipbetweensubjects,organizations
andnodesontheWeb.
 Classification isappliedwith
namespacesand URIs.Havingpreviously
associatedasetof DTDswithaparticula r
namespaceor URI,thisinformationisusedto
classifynew XML documentsoriginating
fromtheseplaces.
 Clustering  DTDsinvolvesidentifying
similar DTDs.Theclustersareusedin
defininghierarchiesof DTDs.The DTD
hierarchyoverlapsinstancesonthe web,
thusdiscoveringauthoritiesandhubs [8 ].
Creatorsof DTDsareidentifiedasauthorities,
andcreatorsofinstancesarehubs.
Additionalminingtechniquesarerequiredto
identifyallinstancesof DTD presentonthe
web.Thefollowingapplicationof
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classificationcanidentifythemostlikely
placestomineforinstances.

2.2  XMLContentMining

 Contentisthetext betweeneachstart
andendtag [3] in XML documents.Mining
for XML contentisessentiallyminingfor
values(aninstanceofarelatio n).Thesemi -
structurednatureof XML posesachallenge
forcontentmining.However,anumberof
querylanguagesdesignedforsemi -
structureddatahavebeenimplemented. XML
contentminingcan  furtherbedividedinto
twotasks: contentanalysis and structural
clarification.

ContentAnalysis

 Similartasksareperformedon XML
documentsasareperformedonothertext
documents.
 Classification isperformedon XML
content,labellingnew XML contentas
belongingtoapredefinedclass.Toreduce
thenumbe rofcomparisons,thenew
document’s DTD isclassifiedbypre -existing
DTDs.Then,onlytheinstanceclassifications
ofthematching DTDsneed tobeconsidered
inclassifyinga newdocument.
 Clustering on XMLcontentidentifies
thepotentialfornewclas sifications.Again,
considerationof DTDswillleadtoquicker
clustering:similar DTDsarelikelytohavea
numberofvaluesets.Forexample,all DTDs
concerningvehicleswillhaveasetofvalues
representingcars,anothersetrepresenting
boats, etc. However, DTDsthatappear
dissimilarmayhavesimilarcontent. Mining
XML contentinheritssomeproblemsface din
textminingandanalysis. Synonymyand
polysemycancausedifficulties,butthetags
surroundingthecontentcanusuallyhelp
resolveambiguit ies.



StructureClarification

 Contentcanprovidesupportfor
alternateclusteringofsimilar DTDs.Two
distinctlystructured DTDsmayhave
documentinstanceswithidenticalcontent.
Miningtheseavailsnewknowledge.Vice
versa, DTDsprovidesupport foralternate
clusteringofcontent.Two XML documents
withdistinctcontentmaybeclustered
togethergiventhattheir DTDsaresimilar.
 Contentmayalsoproveimportantin
clustering DTDsthatappeardifferent,but
haveinstanceswithsimilarcontent. Dueto
heterogeneity,theincidenceofsynonymsis
increased.Areseparate DTDsactually
describingthesamething,onlywith
differentterms?Whilethesaurusesarevital,
itisimpossibleforthemtobeexhaustivefor
theEnglishlanguage,letalonehand ling all
languages.Orconversely, DTDsappearing
similarareactuallycompletelydifferent,
givenhomographs.Forexample:
<craft>boatbuilding</craft>and
<craft>boat</craft>
 Interpretationoftheformeris
occupation,andofthelatervessel.The
similarityofthecontentdoesnotdistinguish
thesematicintensionofthetags.Miningin
thiscasecanprovideprobabilitiesofatag
havingaparticularmeaning,ora
relationshipbetweenmeaninganda URI.

3MethodsofMiningin XML
Documents

 Afterp resentingtaxonomyof XML
mining,inthissectionwepropose/surveya
numberofpossibledataminingtechniques
thatcanbeappliedonstructureorcontentof
XML  documents.

3.1  XML StructureMining

 Themaingoalistofindasuccessful
wayofextracti ngstructurefrom XML
documents,accountforitscharacteristics
andwarehouseit,soadataminingtechnique
canbeappliedtolookforinteresting
patterns.Basedonthestructureofthe XML
wecanhavetwocases,extractingstructure
using DTD  andextra ctingstructurewithout
thehelpofthe DTD.

Extractingstructureusing  DTD 

 Miningofstructuresfromawell -
formedorvaliddocumentisstraightforward
becauseofthecharacteristicsofthe DTD.It
isaschemaandagrammar.Thisextracted
DTD nowca nbeeasilyusedforcreatinga
relationalrepresentationofthedata.The
structurecanbepresentedasatablewith
attributes,whichcanaccommodatethe
embeddeddata.Ifthehierarchyofthe
attributesisdeeper,thendatabasetechniques
suchasadding morerelationsandforeign
keysor/andnormalizationtechniquescould
beusedtoaccommodatethestructureand
thedata.

Inferringstructurewithoutusing  DTD 

 Forminingofstructuresfromanill -
formeddocument,the XMLdocumentis
approachedasObje ctExchangeModel
(OEM)databyusingthecorrespondingdata
graphtoproduceamostspecificdataguide.
Thedatagraphrepresentstheinteractions
betweentheobjectsinagivendatadomain.
Whenextractingaschemafromadatagraph
thegoalistoprodu cemostspecificschema
graphfromtheoriginalgraph.Two
requirementshavetobesatisfiedtobea
mostspecificschemagraph:(1)accuracy,
meaningthateverypathinthenewdata
graphoccursintheolddatagraphandevery
pathintheolddatagrapha ppearsinthenew
datagraph;and(2)Concise,meaningthat
everypathinthenewdatagraphoccurs
exactlyonce.
 Adatagraphsatisfyingthose
conditionsiscalleddataguideorfull
representativeobject  [11,12 ].Thiswayof
extractingschemai smore generaltha nusing
the DTD foraguidebecause (1) mostofthe
XML documentsdonothave DTD,and/or(2)
sometimesiftheyhave ,theydonotconfirm
toit.Sometimesitishardtoconstructa DTD
confirmingtothe XML documentbecause
thereisnoconsisten cyinthenumberand
typeofattributesthatareusedto describean
objectsuchasanemployeeofa company.

Inferringstructurefromexistingquery
generateddata 

 Some semistructureddata areresult
ofqueries.Insuch case sitispossibleto
derive thestructurefromthe querythat
generatedthedata. Inthese cases,extracting
schemafromthequery isabetterchoice
extractingtheschemafr omthedata.

3.2  XMLContentMining

 Beforeknowledgediscoveryin XML
documentscanoccur,itisnecessary tohave
somemeansofquerying XML tagsand
content.A SQLbasedquerycanbe
performedtoextractdatafrom XML
documents.Thereareanumberofquery
languages,bothspecificallydesignedfor
XML,andthoseforsemi -structureddatain
general.

QueryLa nguagesforSemi -structured
Data 
 XML representsasubsetofsemi -
structureddata.Semi -structureddatacanbe
describedbythegrammarofssd -expressions
(semi-structureddataexpressions).The
translationof XML tossd -expressioniseasily
automated [1]. Querylanguagesfor
semistructureddataexploitpathexpressions.
Inthisway,datacanbequeriedtoan
arbitrarydepth.Pathexpressionsthemselves
areelementaryqueries,withthereresults
returnedasasetofnodes.However,the
abilitytoreturn resultsassemi -structured
dataisrequired,whichpathexpressions
alonecannotdo.Combiningpath
expressionswith SQL-stylesyntaxprovides
greaterflexibilityintestingforequality,
performingjoins,andspecifyingtheformof
queryresults.Two suchlanguagesare
Lorel [2] andUnstructuredQueryLanguage
(UnQL) [7]. UnQLrequiresmoreprecision,
andismorereliantonpathexpressions.

QueryL anguagesfor XML

 XML-QL, XML-GL and XSL are
designedspecificallyforquerying XML.
XML-QL [8]  bringstogetherregularpath
expressions, SQL-stylequerytechniques,and
XML syntax.Thegreatbenefitisthe
constructionoftheresultin XML,  andthus
transforming XML datafromone DTD to
another.ExtensibleStylesheetLanguage
(XSL) [13] isnotimplement edasaquery
language,butisintendedasatoolfor
transforming XML to HTML.However, XSLs
‘selectpattern’isamechanismfor
informationretrieval,andassuc h,isakinto
aquery[ 14].  XML-GL [4] isagraphical
languagefor queryingand restructuring XML
documents.

4ConclusionandFuture
Directions

 Sincethereisanenormousamountof
dataontheweb ,andtheexciting
possibilitiesthatdataminingtechniquesare
presenting,theideabehindthe XML
representationofdatalookslikeasolutiont o
putatworkthosetwoearlierdescribed
phenomenon.Itisachallengingandexciting
fieldwithalotofstillopenpossibilities.
 Thispaperexplicitlyexpressedthe
availableclassesof XMLmaterial.Itthen
taxonomised XML miningintotwobroad
categories: XML structuremining,and XML
contentmining.Bothofthesecategories
werepresentedaccordingtothedatamining
tasksclassificationandclustering.This
paperthen proposesanumberofpossible
dataminingtechniquesthatcanbeapplied
onstr uctureorcontentof XML documents.
 Mostofthegoalsaddressedinthe
XML miningtaxonomyneedtobeanalysed
forworthinessandpracticality. Forexample,
miningthewebforinstancesofaparticular
DTD wouldbetime consuming,ifnot
impossible. However,web -mining
techniqueslistedin [8] shouldbeeasily
cateredto XML mining,asubsetofweb
miningaftersomemodifications .
 [9] identifiesauthoritiesandhubsby
analysingthetopologyofhyperlinks.This
canbeextendedtoincludeexternal DTDs.
Thedoctypedeclarationisanalogoustoa
hyperlink,aninstanceineffectlinkingback
toitsclassdefinition.External DTDsthus
becomeauthorities.Allinstancesofa DTD
arehubs. [10] identifiessubgraphssuchas
cliquesandwebrings.Asimilarpr ocess
mayidentify DTD hierarchies,as DTDsextend
andlinktoeachother. Enhancedhypertext
categorizationusinghyperlinks [5] maybe
extendedase nhanced XML categorisation
using DTDs.
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